Immune precipitation of 181 sera from 152 patients with natural measles was studied to determine the temporal course and frequency of antibody responses to nucleocapsid, fusion, hemagglutinin, and matrix proteins of measles virus. Large amounts of antibody to nucleocapsid protein developed in all patients by day one of the rash. Antibody to hemagglutinin and fusion proteins developed in all patients over the next 3 weeks, the former to high levels and the latter to low levels. Antibody to matrix protein developed to very low levels and was detectable in only 41% of the patients; this poor response to matrix protein was not correlated with the age of the patient or the acute neurological complications of measles.
Natural measles virus infections are associated with a number of complications. The most common of these are secondary bacterial infections which result in pneumonia or otitis media and may be related to virus-induced depression of immune responses (23) . In addition, two neurological complications may occur at different times relative to the primary ihfection. Postinfectious encephalomyelitis occurs in ca. 1 in 1,000 measles cases usually within 10 days of the exanthem. This is an acute demyelinating disease in which the role of virus infection of the central nervous system is uncertain, and an immunopathological mechanism has been suggested (13) . Subacute sclerosing panencephalitis (SSPE) is a rare complication which occurs many years after the exanthem in less than 1 in 100,000 cases. SSPE is caused by a persistent infection of the central nervous system with measles virus and is characterized by large amounts of measles antibody in the serum and cerebrospinal fluid of affected individuals.
In patients with SSPE, antibodies are present to all measles virus proteins except the matrix (M) protein (3, 6. 9, 15, 24) . Antibody to this protein is undetectable or present in small quantities, and this observation has led to the hypothesis that the virus is persistent because of a lack of production of adequate amounts of M protein by the infected brain cells (6, 7) . A problem in the interpretation of these data has been a paucity of information on the normal antibody response to this and other viral polypeptides during the acute infection and normal recovery period. To 
RESULTS
The appearance of antibodies to measles virus polypeptides NP, hemagglutinin (HA), fusion (F), and M was first examined according to the time during the infection that the sample was taken (Fig. 1) . Antibody to the NP protein appeared coincident with the rash (day 0) and increased rapidly thereafter. Antibody to the HA protein increased slowly over the first and more rapidly during the second and third weeks after infection. Antibody to the F protein also increased slowly over the first week but then remained essentially stable at a low level. Small amounts of antibody to M protein were present in some patients during the first week, showed a modest increase over the next two weeks, and then stabilized at a low level.
The same data were analyzed for the percentage of patients at a given time after infection having detectable antibody to each of the proteins (Fig. 2) . Antibody to the NP protein was not only present in the largest amounts ( Fig. 1 but also appeared earliest, so that all patients had some antibody to this protein at the onset of the rash. Antibody to the F and HA proteins was present in most patients when the rash appeared and was present in all at 4 weeks. In contrast, antibody to the M protein was present in less than half of the patients for the first 2 to 3 weeks of infection and at maximal production (1 to 6 months after infection) was present in only 50 to 70%.
In 22 patients more than a single sample was obtained during the course of the study. In 6 of these patients, no antibody to M protein was detected, and in 13, levels increased or were stable with time. In two patients the antibody was initially present and was subsequently lost, and in a third patient the level of the antibody significantly fell during the study period. These last three cases demonstrate that individual patients may lose antibody to M protein with time.
The groups of patients with and without detectable antibody to M protein were compared with respect to their levels of antibody to other viral proteins. Some patients with no detectable antibody to M had high levels of antibody to other viral proteins, suggesting that a poor overall humoral immune response does not explain the absence of antibody to M protein in many patients.
To determine whether the presence of complications of the infection influenced the pattern of antibody production to measles virus polypeptides, patients with measles complicated by pneumonia or encephalomyelitis were compared with children with uncomplicated infections for presence and amount of antibody to each of the proteins at various times after infection. on October 27, 2017 by guest http://jvi.asm.org/ Downloaded from infection before 2 years of age (11) , the presence of antibody to M protein 6 days of more after the rash was also examined according to the age of the child at the time of infection (Table 2 ). There was no significant difference (P < 0.1) in the presence or absence of antibody to M protein between children 2 years of age or less and children older than 2 at the onset of measles.
DISCUSSION
The appearance of antibody to HA, NP, F, and M polypeptides after natural measles virus infection has been characterized. Antibody to NP protein appears first along with the rash. Antibody to this protein accounts for most of the complement-fixing antibody (17) and is thus consistent with previous data that complement-fixing antibody appears coincident with the rash (1). Our data also confirm those of Norrby et al. (18) (16) , and all patients developed antibody to this protein within 2 to 4 weeks after the appearance of the rash.
Only small amounts of antibody are produced to the F protein, but the protein is consistently recognized by the immune system so that all patients have antibody within 1 month. The only protein which is not recognized by 100% of the patients during the convalescent phase of natural measles virus infection is M. Previous studies with small numbers of sera have indicated that some measles patients produce detectable levels of M protein antibody but that others do not (15, 18, 21 The first observations of lack of antibody to the measles virus M protein were made in studies of SSPE (9, 15, 24) . These reports encompass about 50 SSPE sera, but 2 SSPE sera which appear to have antibody when studied by precipitation techniques have been reported (4, 20) . Using a sensitive solid-phase assay, Trudgett et al. (22) reported antibody to M protein in all of five SSPE sera which suggests that small amounts are present in some SSPE sera. The paucity of M protein antibodies that is characteristic of humans with SSPE is not observed in dogs with chronic neurological disease caused by canine distemper virus (8) or in mice with Sendai virus encephalitis (14) .
Subsequent to the initial observation in SSPE, other 
